Objectives: Late percutaneous coronary intervention (PCI) in patients with STsegment elevation myocardial infarction (STEMI), defined as time of PCI > 7 days from symptom onset, is a common practice with clinical benefits. This study aimed to evaluate the predictive value of admission cystatin C (cys C) level on long-term mortality in STEMI patients receiving late PCI.
Objectives: Late percutaneous coronary intervention (PCI) in patients with STsegment elevation myocardial infarction (STEMI), defined as time of PCI > 7 days from symptom onset, is a common practice with clinical benefits. This study aimed to evaluate the predictive value of admission cystatin C (cys C) level on long-term mortality in STEMI patients receiving late PCI.
Methods: Medical records of STEMI patients who were hospitalized between 2009
and 2011 from eight PCI-capable hospitals in Northwest China were retrospectively analyzed. Cys C level ≥ 1.105 mg/L was considered as the best predictor of longterm mortality based on the receiver-operating characteristic analysis. Patients were followed up by phone or face-to-face interviews, and the long-term mortality was obtained by reviewing medical records.
Results:
The final analysis included 716 STEMI patients who received late PCI and had available cys C levels prior to PCI, and 524 were assigned into the high cys C group and 192 the low cys C group. Patients were followed up for an average length of 40.37 months. Compared with the low cys C group, the high cys C group had a higher long-term all-cause mortality (10.4% vs 2.9%, P < 0.001) and a higher cardiac mortality (6.8% vs 2.1%, P = 0.004). Multivariate Cox regression analysis showed that high cys C level was an independent predictor for both long-term all-cause mortality and cardiac mortality.
Conclusions:
High cys C level at admission is an independent predictor of long-term mortality in STEMI patients undergoing late PCI. Cys C, produced by all cells with a nucleus, is excreted into blood and freely filtered by the glomerular. 6, 7 Cys C is also released from myocardial cells and hypoxia increases its production. 8 As a potent inhibitor of lysosomal proteinases and cysteine proteases, cys C modulates inflammatory response, phagocytic functions and extracellular matrix degradation. Cys C is considered to be an ideal biomarker for glomerular filtration rate (GFR). 9 Recently, cys C has been found to be able to predict new-onset or deteriorating cardiovascular disease, 10 and in patients with STEMI undergoing primary PCI, cys C has shown prognostic significance. 5 However, in patients with STEMI undergoing late PCI, the relationship between admission cys C levels and longterm outcomes remains unknown. This study aimed to investigate the prognostic value of admission cys C in predicting long-term mortality in STEMI patients undergoing late PCI.
| METHODS

| Study protocol
This study is a retrospective and multicenter observational study. We 
| Inclusion and exclusion
| Variables and clinical endpoints
We intended to find effective prognostic factors for late PCI patients through reviewing their medical records, and the screened potential predictors including routine blood test such as blood lipids, blood glucose, liver and kidney function, and b-type natriuretic peptide (BNP).
Cys C was selected as the best candidate for prognostic factors based on primary analysis and literature review. Patients were further grouped into the high cys C group and the low cys C group according to the receiver-operating characteristic analysis. The primary endpoint was designated to be the long-term all-cause mortality and long-term cardiac mortality. This information was obtained by reviewing hospital records. Cardiac death includes deaths caused by acute myocardial infarction, heart failure, heart attack, or arrhythmia.
| Laboratory analysis
Before PCI, blood was sampled within 1 hour after admission. Serum cys C was measured by colloidal gold particle-enhanced colorimetric immunoassay (Nescauto GC Cystatin C, Alfresa Pharma, Osaka, Japan) with a Hitachi 7600-110 automatic analyzer. Simplified Modification of Diet in Renal Disease (MDRD) equation was used to calculate the estimated glomerular filtration rate (eGFR). Based on the receiver-operating characteristic analysis, the cys C level ≥ 1.105 mg/L was considered to be the best predictor of long-term mortality. According to the cutoff value, patients were divided into the high and the low cys C groups. test were used to compare the differences between categorical variables. Receiver-operator characteristic curve analysis was used to determine the cutoff value of cys C for predicting long-term mortality ( Figure 1A ). The Kaplan-Meier method was used to construct the cumulative survival curves for long-term all-cause mortality and longterm cardiac mortality. Multivariate Cox regression was used to identify the independent risk factors for long-term mortality during follow-up. All statistical tests were two-tailed and a P-value <0.05 was considered statistically significant. All statistical analyses were performed using SPSS v.18.0 (SPSS Inc., Chicago, Illinois).
| Statistical analysis
3 | RESULTS
| Baseline patient characteristics
A total of 716 STEMI patients were included for the final analysis. The screening of patients was as follows: First, medical records of 1887 patients with STEMI and underwent PCI were obtained and retrieved from eight PCI-capable hospitals in Northwest China. Second, patient who received intervention other than a late PCI were excluded. Third, patients without available cys C level at admission were excluded.
According to the ROC curve analysis, 1.105 mg/L was chosen as the best cutoff for prediction of long-term mortality (area under the curve = 0.67, sensitivity = 57%, specificity = 76%) ( Figure 1 ). On the basis of the criterion, the patients were divided into low cys C group (<1.105 mg/L, n = 524) and high cys C group (>1.105 mg/L, n = 192).
The baseline characteristics of the patients are summarized in Table 1 . Patients in high cys C group were older (P < 0.001), had a higher heart rate at admission (P = 0.049) and a higher incidence of hypertension (P = 0.003). The Killip classification at admission was significantly different between the two groups: the frequency of patients with Killip classification Class I was lower and with Class II, III, or IV was higher in the high cys C group. Gender at admission showed no difference between the two groups. The left ventricular ejection fraction (LVEF) showed no difference between the two groups, however, for LVEF <45%, there was a difference between the two groups (P = .350.008) ( Table 1) .
| Laboratory findings
Baseline laboratory data for patients are listed in Table 2 Table 2 ).
| Follow-up outcomes
The mean follow-up period was 40.37 months. The long-term allcause mortality (10.4% vs 2.9%, P < 0.001) and the long-term cardiac mortality (6.8% vs 2.1%, P = 0.004) were significantly higher in the high cys C group, as compared to the low cys C group (Table 3 ). The survival curves for all-cause mortality and cardiac mortality are shown in Figure 1B and C, respectively. The survival curves showed that the long-term cumulative survival for all-cause mortality (χ 2 = 24.967, P < 0.001) and cardiac mortality (χ 2 = 15.012, P < 0.001) were significantly lower in the high cys C group.
| Multivariate regression analysis
According to the multivariate analysis, high cys C level, age, and admission heart rate were independent predictor of both long-term all-cause mortality (cys C, odds ratio Table 4 , non-significant variables are not listed). The creatinine level at admission and the eGFR were significantly different between the two groups. None of the above factor was an independent risk factor for long-term mortality; in contrast, high cys C level was an independent predictor of longterm mortality.
F I G U R E 1 A, Receiver-operator characteristic (ROC) curve of the optimal cutoff value of admission cys C for predicting long-term mortality. B, Kaplan-Meier survival curves for long-term all-cause mortality. C, Kaplan-Meier survival curves for long-term cardiac mortality Abbreviations: DBP, diastolic blood pressure; HR, heart rate; LVEF, left ventricular ejection fraction; PCI, percutaneous coronary intervention; SBP, systolic blood pressure; TIMI, thrombolysis in myocardial infarction. Data are presented as the mean ± SD, median (IQR), or n (%).
T A B L E 1 Baseline characteristics and angiographic characteristics of patients
| DISCUSSION
This study showed that patients with a higher cys C levels at admission had a higher long-term mortality; at the same time, they also had a more advanced Killip, lower eGFR, a higher serum creatinine and a higher prevalence of hypertension. After adjusting for these potential confounders, high cys C was an independent predictor of long-term mortality in STEMI patients receiving late PCI.
STEMI patients undergoing PCI tend to suffer from myocardial ischemia/reperfusion injury, which is a result of interactions between various factors, such as oxidative stress, intracellular Ca 2+ overload, rapid restoration of physiological pH at the time of reperfusion, and inflammation. 12 Because cys C modulates inflammatory response, it may play a role in myocardial ischemia/reperfusion injury. Increasing evidences show that cys C is associated with cardiovascular risk and mortality 13 in patients with non-ST elevated acute coronary syndrome 14 and is the most powerful predictor for major adverse cardiac events in patients with acute coronary syndrome. 15 Akgul et al have investigated the predictive value of elevated cys C in STEMI patients undergoing primary PCI, 16 and have found that the elevated cys C level, rather than the creatinine level nor eGFR, was an independent predictor of increased in-hospital and 1-month cardiac mortality in patients with STEMI undergoing primary PCI. 8 Tang et al have found that elevated cys C levels at admission were independently associated with impaired myocardial perfusion, poor cardiac functional recovery, and development of congestive heart failure in these patients. 10 A meta-analysis showed that cys C was strongly and independently associated with subsequent risk of myocardial infarction. 13 However, the prognostic role of cys C specifically in STEMI patients undergoing late PCI remains unclear. Our data showed that elevated cys C level at admission was independently associated with long-term mortality in STEMI patients undergoing late PCI. Identifying patients at higher risk as early as possible is of clinical significance and would allow close observation and positive intervention, and therefore, improve clinical outcomes. It is not surprising that older patients have much higher levels of cys C in our study. Older patients often have high blood pressure and age-related diseases such as renal failure. 8 A previous study has shown that hypertension and renal failure are more common in patients with high cys C. 17 Our results also showed that the high cys C group had a higher incidence of hypertension, while a lower level of EGF. Produced by nearly all nucleated cells, cys C levels are independent of age, sex, or muscle mass. 18 Cys C is freely filtered by the glomerular, with no secretion and tubular reabsorption, 19 and is considered a marker to evaluate renal function. The high cys C level can be used to identify early eGFR abnormalities and is a highly sensitive marker for detecting preclinical renal dysfunction. 20 There is a close correlation between cardiac diseases and renal diseases. 11 Previous studies have found that eGFR is inversely associated with cardiovascular events and patients with low eGFR had a significantly higher all-cause mortality. 21, 22 In our study, eGFR was evaluated by the MDRD equation, which is based on the serum creatinine levels. However, serum creatinine levels are affected by many factors, such as age, gender, muscle mass, diet, and physical activity, and therefore are not sensitive enough to detect mild renal dysfunction. 8 The exact mechanism of the association between cys C and longterm mortality has not been clearly elucidated. We propose that two potential countermeasures that may be responsible for the association of high cys C levels with increased long-term mortality. First, cys C is associated with inflammatory responses. 15, 23, 24 Inflammatory responses play an important role in the development of no-reflow. 25, 26 Therefore, high-circulation cys C may be associated with a strong cardiac inflammatory response, contributing to the development of no-reflow and the increased risk of death. Second, high cys C levels are highly sensitive markers for mild renal dysfunction. 6, 27 Mild renal dysfunction is associated with microvascular endothelial dysfunction, which may result in poor myocardial perfusion and clinical outcomes.
T A B L E 2 Laboratory findings of patients at admission
28-30
The study is limited in its retrospective and observational nature.
The patient age varied broadly and was not balanced between the high and low cys C groups. The results may also confound with LVEF and other unknown or unmeasured factors and are subject to selection bias. In addition, the sample size of the high cys C group is relative small (n = 192), which may raise sampling errors.
| CONCLUSIONS
Patients with high cys C level were older, tended to have hypertension, advanced Killip class, and lower eGFR. High cys C levels are associated with long-term all-cause mortality and cardiac mortality after adjustment of these potential cofounders, serving as an independent predictor for risk of cardiovascular events and deaths in STEMI patients treated with late PCI.
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